Stemphylium amaranthi was originally described from the leaves of Amaranthus retroflexous in China based only on asexual morphological characteristics. New collections of S. amaranthi from wheat and barley plants with symptoms of black (sooty) head mould in Golestan and Qazvin Provinces, Iran, revealed abundant formation of a sexual morph. The morphological identification was confirmed by sequences obtained from ITS-rDNA and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) genomic loci. New information on the sexual morph of S. amaranthi is provided and the species circumscription is emended. Wheat and barley are reported as new substrates for S. amaranthi, and this species is recorded for the first time in Iran.
Introduction
The genus Stemphylium Wallr. with S. botryosum as type species, was established by Wallroth (1833) . The swollen apical cell of a simple conidiophore and percurrent proliferation of conidiophores are the main characteristics distinguishing members of this genus from other similar phaeodictyosporic genera (Câmara et al. 2002 , Pei et al. 2009 , Woudenberg et al. 2017 Brahamanage et al. 2018) . In the cases that a sexual morph has been identified, it was related to Pleospora. A survey of literature showed that the association between Stemphylium and Pleospora states have been established in 15 taxa (Simmons 1969 , 1985 , 1989 , 2001 , Câmara et al. 2002 , Inderbitzin et al. 2009 . Following the one fungusone name initiative in the ICN (Melbourne Code) (McNeill et al. 2012) , use of the name Stemphylium has been recommended over the name Pleospora by the Working Group on Dothideomycetes of the International Commission on the Taxonomy of Fungi (ICTF) (Rossman et al. 2015) .
Stemphylium amaranthi Y.F. Pei & X.G. Xhang was originally described from necrotic leaf spots on Amaranthus retroflexus in China based only on asexual morphological characteristics (Pei et al. 2009 ). Later, several other new species were reported morphologically , Zhou et al. 2012 , which contributed to discrepant taxonomy of the genus. Because of high variability and overlapping morphological characteristics among the described species, the exact delimitation of species boundaries was problematic. Recently, multi-gene phylogenetic studies, along with morphological characterizations were done to construct a phylogenetic overview of the genus Stemphylium, in which 22 species names were synonymized and only 28 names were accepted as reliable (Woudenberg et al. 2017; Brahamanage et al. 2018) . Also, Woudenberg et al. (2017) emphasized that the combination of molecular data (sequence data from ITS, GAPDH and cmdA gene regions) and morphological characteristics are required for accurate species identification. Based on the results of Woudenberg et al. (2017) three species names, Stemphylium luffae, S. microsporum and S. phaseolina were synonymized under the name S. amaranthi. In the continuation of studies on fungi associated with black (sooty) head mould symptoms of wheat and barley in Iran (Poursafar et al. 2016 (Poursafar et al. , 2018 , several Stemphylium isolates were obtained. Based on morphological and molecular characteristics, these isolates were identified as S. amaranthi. These isolates also produced a mature sexual morph after 2-3 months incubation at 4 °C. A survey of literature revealed that no sexual morph has been reported in S. amaranthi nor in the three other species synonymized under this species name. The aim of this article is to present an emendation and provide a detailed description of S. amaranthi. 
Materials and Methods

Plant surveys and fungal isolation
Wheat and barley heads with characteristic symptoms of black head mould were randomly collected from different wheat and barley growing areas in Golestan and Qazvin Provinces, Iran, during the spring and summer of 2014 and 2015. Isolation of the fungi was performed using a moist chamber (blotter) method and pure Stemphylium cultures were obtained by directly transferring single spores onto 2% water agar (WA) and then, hyphal tips were transferred onto potato dextrose agar (PDA). Single spore isolates were transferred onto potato carrot agar slants (PCA, 20 g white potato, 20 g carrot, 20 g agar, 1 liter of distilled water) and then preserved at 4 °C for future examination.
Morphology
For morphological assessments, purified cultures were grown on PCA medium and incubated at 24±1 °C, under cool, white fluorescent with 10/14 h light/dark cycle for 5-7 days (Simmons 2001) . Microscopic slides were prepared by Sellotape technique (Schubert et al. 2007) 
DNA isolation, PCR amplification and phylogenetic analyses
Total genomic DNA was extracted from purified cultures according to Zhong & Steffenson (2001) . ITS-rDNA region and a part of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene were amplified and sequenced according to Poursafar et al. (2016) . The newly generated sequences were edited in BioEdit v. 7.2.5 (Hall 1999 ) and supplemented with the sequences listed in Woudenberg et al. (2017) (Table 1) . Multiple sequence alignments were generated with MAFFT v. 7.304 (Katoh & Standley 2013) , then checked visually and improved manually in MEGA 6.0 (Tamura et al. 2013) . Maximum parsimony (MP) analysis was performed using the ITS and GAPDH combined datasets in PAUP 4.0 (Swofford 2002) . MP analysis was done by using heuristic searches with 1000 random sequence additions and branch swapping with tree-bisection-reconnection (TBR) algorithm and gaps treated as missing data. Measures of tree length (TL), consistency index (CI), retention index (RI) and homoplasy index (HI) were determined. The bootstrap values with 1000 replicates were performed to determine branch support. Sequences of Alternaria alternata (GV14-634a1) were used as out-group. The generated tree was observed in TreeView v. 1.6.6 (Page 1996) . The newly generated sequences of ITS and GAPDH, were submitted to GenBank and GenBank accession numbers are provided. 
Results
Phylogeny
The alignment length of ITS and GAPDH combined dataset for 57 strains consisted of 1122 characters, of which 847 characters were constant, 107 were variable and parsimony-uninformative and 168 were parsimony-informative. All characters were of unordered type and had equal weight. The result of sequence analysis of ITS+GAPDH dataset, using maximum parsimony revealed that the newly collected isolates clustered in a highly supported clade (100% bootstrap values) together with the sequences linked to S. amaranthi (Fig. 1) . Based on morphological comparisons, the phylogenetic placement of these isolates was further confirmed. These isolates produced a mature sexual morph after 2-3 months incubation at 4 °C, which has not been mentioned in the original description of S. amaranthi (Pei et al. 2009 Colonies on PDA (7 days, in darkness at 24±1 °C) were floccose, 68 mm diam., pale brown to grey at center and creamy to white at margin (Fig. 2a) ; on PCA (7 days, white fluorescent light, 24±1 °C) were smooth, 64 mm diam., olive to dark green with distinct concentric zones of growth and sporulation (Fig. 2b) . Sporulation was abundant from aerial mycelia and less from submerged mycelia. Hyphae were pale brown, septate, branched, 4-5 μm wide. Conidiophores were pale brown, straight or somewhat curved, up to 200 μm in length. Conidiogenous cells were swollen at the apex, occasionally with 1-5 apical proliferation, pale brown and 5.5-6.5 μm wide. Conidia were pale to dark brown, solitary, spherical to oblong-spherical, cylindrical, bottle shaped, conical or obclavate, rounded at the base and spherical to conical at the apex, sometimes with a short apical extension, usually with 1-7(-9) transverse septa, 1-5 longitudinal septa, 1-4 oblique septa, distinctly constricted at the median septum and 21-57 × 10-18 μm (av. 35.28 × 14.62 μm; L/W= 1.43-3.8) (Fig. 2c-f ). Sexual morph was firstly formed on PCA plates incubated at 4 °C after 1 month and was fully developed after 2-3 months. Ascomata were dark brown, thick-walled, spherical, 300-700 × 250-550 μm (Fig.  2g ). Asci were bitunicate, hyaline, 8-spored, 300-350 × 35-37.5 μm (Fig. 2h-j) . Ascospores were pale to dark brown, with even darkened septa, oblong-spherical, rounded at both ends, with 6-7 transverse septa, 6-7 longitudinal septa, and 34-41 × 14-18 μm (av. 37.44 × 16.83 μm; L/W= 2.11-3.45) (Fig. 2k-l) . 
Discussion
We studied a set of isolates corresponded morphologically and phylogenetically to the species concept of S. amaranthi. Stemphylium amaranthi was originally described from necrotic leaf spots on Amaranthus retroflexus in China, based only on morphological grounds of asexual states, without any molecular data (Pei et al. 2009 ). During recent years, several new species of Stemphylium have been reported, some based only on morphological characteristics and others based on combination of morphological and molecular data , Pei et al. 2009 , 2011 , Deng et al. 2014 , Woudenberg et al. 2017 ). Among the newly described species, S. microsporum was described as a new species from the leaves of Malus sieversii, based only on morphological characters . Stemphylium phaseolina and S. luffae were described from diseased leaves of Phaseolus vulgaris and Luffae cylindrica, respectively, based on the combination of morphological characteristics and sequence data from ITS-rDNA region and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene , Pei et al. 2011 , although the sequences of S. phaseolina were not included in the phylogenetic analysis describing S. luffae as a new species. In many instances, morphological characters of the newly described species overlapped, so that S. phaseolina and S. luffae could not be differentiated based on described morphological characters , Pei et al. 2011 . Stemphylium amaranthi also fits the morphological characters of S. phaseolina and S. luffae, the only difference being their conidial surface ornamentation. Stemphylium luffae and S. phaseolina conidia have a punctate wall, while S. amaranthi has an inconspicuously micromaculate conidial wall (Pei et al. 2009 ). Stemphylium microsporum can be differentiated from the above species only based on shorter conidia . In a recent phylogenetic overview of the genus Stemphylium (Woudenberg et al. 2017) , S. luffae, S. microsporum and S. phaseolina were synonymized under S. amaranthi. Based on the results obtained in this study, it is revealed that morphological characteristics of asexual structures as well as host plant species cannot necessarily be used in species delimitation. In our studied set of isolates, which were collected from wheat and barley heads, conidia were longer than previously described for S. amaranthi or for the other three synonymized species (21-57 × 10-18 µm versus 22-38 × 10-19 µm for S. amaranthi; 32-45 × 9-19 µm for S. luffae; 26-42 × 13-22 µm for S. phaeseolina and 15-24 × 9-15 µm for S. microsporum). Also, the sexual morph, which was not described previously for any of these species, was formed after 2-3 months incubation at 4 °C on PCA plates. In the course of taxonomic studies on phaeodictyosporic fungi including Semphylium isolates (Simmons 1969 (Simmons , 1985 , it was found that some isolates formed sexual stages after relatively long incubation periods (2-12 months) at low temperatures (5 °C) on nutrient poor media. However, in some species, the sexual morph was formed abundantly on agar substrates after 3-4 weeks incubation at room temperature (Simmons 2001) . We followed the method used by Simmons (1969) and ascomata primordia were formed after one month and matured fully after 2-3 months, relatively faster than that reported by Simmons (1969) . Wheat and barley plants are reported here as a new substrate for S. amaranthi and this species is reported as a new record for the mycobiota of Iran, thus extending the geographical range of this species beyond China.
